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Hi Matt and Angela – I am still drafting my presentation on risk for the next Policy Forum, but
 thought you might be interested in seeing what I have so far,  before our phone call on Thursday.  I
 will send it out soon to the toxicologists who are assisting us, for their review.   If you have any
 concerns that can’t wait until Thursday let me know, otherwise talk with you then.  Thanks,  Cheryl
 
________________________________________________________

Cheryl A. Niemi 
Surface Water Quality Standards Specialist 
Department of Ecology 
P.O. Box 47600 
Olympia  WA  98504 
360.407.6440 
cheryl.niemi@ecy.wa.gov
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Acceptable risk levels for carcinogens:  their history, current use, and how they affect surface water quality criteria







What we’ll cover in this presentation

Differentiate between non-threshold and threshold effects for HHC chemicals (between non-carcinogenic and carcinogenic HHC)



Why this difference is important in HHC  development



What are the risk ranges used in several environmental regulations?



Where did the risk ranges used in many environmental regulations come from?



What flexibility does EPA 2000 HHC guidance on HHC risk ranges contain?



How does changing the risk level change the criteria?  



Later today we’ll discuss how the modified criteria could change the permitting requirements in the scenarios







What chemicals are we focusing on today?

Carcinogens:   chemicals that cause cancer

These are the chemicals with the “Risk Level” input in the HHC equations



We are talking specifically about those carcinogens with responses (effects) that are assumed to be linear at low doses.  This includes the chemicals designated as carcinogens in the National Toxics Rule and EPA’s list of recommended human health criteria .





What does “linear responses at low doses” mean?

These chemicals are assumed to have no threshold for effects, and even one molecule of the substance is assumed to confer some increase in the risk of contracting a cancer.  



So – when you draw out the observed dose-response curve and then extend the line to ground it at “zero” for “zero effects at zero dose”, you extrapolate a dose-response line that is linear for very low doses.  

Dose





Response



0

Extrapolated dose-response relationship  at non-tested low doses 

Observed dose-response relationship at tested doses



Why is this important?  Because the linear low dose assumption drives the development of the “risk level” for carcinogens





More about non-threshold responses

These are the chemicals we are focusing on today

All levels of exposure pose some probability  of an adverse response



Remember: one molecule of the substance is assumed to confer some increase in the risk of contracting a cancer



There is an assumed linear response at low doses 



The linear approach is used for direct-acting carcinogenic agents, those that cause chemical changes (mutations) to DNA.  



The linear approach is the default choice for carcinogens when there are insufficient data to demonstrate that the mode of action of the chemical is nonlinear.



 All of the current EPA recommended criteria for carcinogens are linear carcinogens.



EPA targets a risk level  of one in one million (10-6) when it calculates it’s national recommended human health criteria for these chemicals



Cancer Slope Factor (CSF) 

(also called the Q1*) is derived from the slope of the line



Notes:    1. We will talk more about the details of carcinogens and non-carcinogens at Policy Forum # 5.

                2.  The CSF illustrated above is part of the criteria equations.  





Dose
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Chemicals with threshold responses

(These are not the chemicals we are focusing on today)

For purposes of HHC development - these are the non-carcinogens



Examples: cyanide, zinc, endrin 



These chemicals are assumed to have safe exposure levels up to a certain threshold concentration - below a certain threshold level, no ill effects (responses) are measured.  



At this dose the threshold for responses is reached





Dose

Response 



0

Note:  Some carcinogens have a threshold (non-linear) response.  EPA’s 2000 Methodology has equations that can be used to calculate HH criteria for both linear and non-linear carcinogens.  However, all of the current EPA recommended criteria for carcinogens are linear carcinogens. EPA has not calculated any threshold carcinogen values. Very few threshold carcinogens exist in IRIS and those have not been used by EPA for criteria calculation.



EPA’s Methodology for Deriving Ambient Water Quality Criteria for the Protection of Human Health (2000):

http://water.epa.gov/scitech/swguidance/standards/upload/2005_05_06_criteria_humanhealth_method_complete.pdf



Dose range with no response







10-13-06

WQSA Module 8: Human Health Criteria

5

Threshold toxicants are treated as if there is an exposure threshold below which there are no effects.  Threshold chemicals produce adverse effects other than cancer in humans and/or animals due to their effects on organ system function.  These chemicals have been assumed to have safe exposure levels up to a certain threshold concentration.  The threshold hypothesis holds that a range of exposures from zero to some finite value can be tolerated with essentially no effect on human health.  Exceptions to this rule are the essential trace elements (such as zinc and selenium) where adverse effects are manifest at low doses because there is an insufficient intake of the nutrient to support its function.  This situation is called deficiency rather than toxicity.
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Response







Dose

Response



0

Threshold Responses 

These are the non-carcinogens – we are not talking about these today

Non-threshold, and, linear response at low doses 

These are the carcinogens – we are talking about these today

Why the continued reinforcement about today’s focus on carcinogens (and not the non-carcinogens)?   This is because the risk level we are talking about today applies only to the carcinogens – EPA’s list of current recommended HH criteria has approximately 51 criteria for noncarcinogens and 60 criteria for carcinogens.



Criteria calculation for the non-carcinogens has its own details and decisions, related to threshold responses, that are important and will be discussed at Policy Forum #5.  These include relative source contributions (RSCs) (which were discussed briefly at Policy Forum #3) and the unit of risk associated with non-carcinogens (called the Hazard Quotient).
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		Laws		Levels of Protection

		Federal Insecticide, Fungicide, and Rodenticide Act 		. . function without unreasonable and adverse effects on human health and the environment, §3

		National Contingency Plan		. . . provide the basis for the development of protective exposure levels, § 300.430(d)

		Clean Water Act 		. . . standards shall be such as to protect the public health or welfare, enhance the quality of water and serve the purposes of this Act., §303(c)(2)(A) (water quality standards language)

		Clean Air Act		varies within statute by source or contaminant

		Toxic Substances Control Act 		. . . assure chemical substances and mixtures do not present an unreasonable risk of injury to health or the environment, §2(b)(3)



The language about level of protection in the laws varies, but 

encompasses similar concepts

Reviewers:  Check this carefully please.  Is this correct for your programs?





How do regulatory agencies deal with the different guiding language in the laws?

In general, default approaches are used for carcinogens:  

For risks calculated to be linear at low doses, agencies use acceptable risk levels between 10-6 and 10-4

In some cases the risks from multiple chemicals are addressed, but in many cases only individual risk is calculated (e.g., CWA EPA recommended human health criteria)



Review:  What do 10-6 and 10-4 mean?

10-6  means there is a risk of one occurrence of cancer, in one million people, at the given exposure assumptions.  For HHC, the exposure assumptions are:

Daily exposure over 70 years, at given fish consumption rate (currently 6.5 g/day), for a 154 lb. person





		Abbreviation		What it means,  under specified exposure assumptions 

		10-6		…risk of one occurrence of cancer, in one million people…

		10-5		…risk of one occurrence of cancer, in one hundred thousand people

		10-4		…risk of one occurrence of cancer, in ten thousand people…







History of the 10-6 Risk Level

Best information we have indicates 10-6 originated with the USFDA

1973 FR proposal for a risk level of 1 in 100,000,000 

1977 final FR adoption in 1977 as 1 in 1,000,000



10-6 was considered a screening level of “essentially zero” or de minimus risk



Was used for the evaluation of residues in food-producing animals.  

Specifically, diethylstilbestrol (DES) was the chemical at issue, for which no permissable residue was allowed

Reaching this de minimus risk level could be accomplished by banning use of the chemical 



NRDC v. Train  - add HHC specific info









DES was used as a growth promoter in cattle.  





How is 10-6 currently used?

10-6 started out with the FDA as a lower “zero risk” level , and has since come into broad usage



10-6 is currently part of many state and federal environmental programs, for example:

CWA

CERCLA

CAA



10-6 is expressed in guidance, regulation, and law as a target for acceptable risk or as part of a range of acceptable risk

Guidance examples:  CWA EPA recommended human health criteria 

Regulation examples: WA SWQS risk level of 10-6, Oregon SWQS, CERCLA’s National Contingency Plan, the National Toxics Rule

Law: WA’s Model Toxics Control Act?? Check with TCP







		Status:  Fully embedded in current regulations and guidance, and practiced at sites throughout the nation.  

		Main message:  Use of 10-4 to 10-6 risk levels is with us now, and is probably with us for the long haul. 







		Federal program		Acceptable Risk Level		Information

		Clean Water Act		304(a) criteria are published at a 10 -6 risk level
EPA 2000 guidance recommend that States and Tribes set
criteria at 10 -5 or 10-6
Most highly exposed populations should not
exceed 10 -4 risk level		EPA 2000 guidance recommends using data for fish/shellfish consumers only (do not include non-consumers).

		CERCLA		Excess upper bound lifetime cancer risk to an individual of between 10-4 to 10-6		Decisions made within a risk range for excess cancer of 10-4 to 10-6. If cancer risk is greater must take action, and if it is lower no action can be taken.

		Clean Air Act		For Hazardous Air Pollutants (HAPs):
Limit Maximum Individual Risk (MIR) for cancer to
no higher than about 10-4 (MIR is the person
exposed to maximum lifetime HAP concentrations)
– Protect the greatest number of persons to less than
10-6 lifetime cancer risk		

		Safe Drinking Water Act		No increase in cancer 
		Non-regulatory level - Maximum contaminant Level Goal (MCLG)

		Safe Drinking Water Act
		Risk-based approach overlain by analytical/economic considerations		Regulatory level – Maximum contaminant Level (MCL)

		National Toxics Rule (1992, contains Washington’s current HHC)		10-6 for general population 		Paired with the FCR for the general population in the criteria equation, average of consumers and nonconsumers



Specific examples:  Federal programs and risk levels for low dose linear response chemicals 

Reviewers:  Check this carefully please.  Is this correct for your programs?




























		State Program		Low Dose Linear Risk Level		Information

		Surface Water Quality Standards				

		Groundwater Quality Standards				

		Model Toxics Control Act				

		Sediment Management Standards				



Specific examples:  State programs and risk levels

Reviewers:  Check this carefully please.  Is this correct for your programs?







What about risk levels and CWA HH criteria?

10-6 is the current risk level in the 1992 NTR, the WA WQS, and EPA 2000 guidance. 



1992 NTR:  (Policy statement in red)

“In submitting criteria for the protection of human health, States were not limited to a 1 in 1 million risk level (10-6).  EPA generally regulates pollutants treated as carcinogens in the range of 10-6 to 10-4 to protect average exposed individuals and more highly exposed populations.”

 Washington chose 10-6



Washington WQS:

“WAC 173-201A-240(6) Risk-based criteria for carcinogenic substances shall be selected such that the upper-bound excess cancer risk is less than or equal to one-in-one million.”



EPA 2000 guidance on risk levels for HHC:

“EPA believes that both 10-6 or 10-5 may be acceptable for the general population and that highly exposed populations should not exceed a 10-4 risk level.”





NTR :  40CFR part 131. Vol. 57, No. 246, Tuesday December 22, 1992, p.60855.  

EPA’s Methodology for Deriving Ambient Water Quality Criteria for the Protection of Human Health (2000), page 2-6:

http://water.epa.gov/scitech/swguidance/standards/upload/2005_05_06_criteria_humanhealth_method_complete.pdf

Also, see full discussion in the EPA 2000 guidance document, pages 2-6 and 2-7 : 2.4 Cancer Risk Range.  







How does changing the risk level change the criteria?

Assumed:  FCR (general population) = 6.5 g/day



























		Chemical(s)		Criteria calculated at 10-6   (Washington’s NTR criteria)
(ug/L)				Criteria calculated at 10-5
(ug/L)				Compliance assessment level (ug/L)

				Water
+ Organisms		Organisms only		Water
+ 
Organisms		Organisms only		(quantitation level = QL)


		Total PCBs
(BCF =31,200 )		1.71E-04		1.71E-04		1.71E-03		1.71E-03		0.5 (EPA Method 608) 
  

				 0.00017		0.00017		 0.0017		0.0017		

		DDT
(BCF =14,100 )		5.88E-04		5.91E-04		5.88E-03		5.91E-03		0.05 (EPA Method 608)

				 0.000588		 0.000591		 0.00588		0.00591		

		Inorganic Arsenic
(BCF = 44 )		1.75E-02		1.40E-01		1.75E-01		1.40E+00		0.5 Total As (EPA Method 200.8)  No approved method for inorganic arsenic.

				 0.0175		 0.14		 0.175		 1.4		



Permit requirements for EPA Method 1668 (used for monitoring, not compliance assessment):

QL = 10 pg/L/congener in a fairly clean matrix .   

	10 pg/L =  0.00001 ug/L



If the HHC for PCBs was calculated using 148 g/day at a 10-6 risk level the resulting criterion would be 0.0000064 .   This value is below the QLs for EPA Methods 608 and 1668.



Question:  Why are the criteria for “Water and Organisms” and “Organisms only” the same for PCBs but not for the other two chemicals?  

Answer:  PCBs have a very large bioconcentration factor (BCF), so the contribution of water ingestion to exposure is extremely small.  DDT and inorganic arsenic have smaller BCFs, so water becomes relatively more important as a source of exposure.  We will talk more about the relationship between criteria and BCFs at a later Policy Forum.





 How do the QLs used for compliance assessment measure up against criteria calculated at a higher FCR?

		Chemical(s)
and QLs
(QLs in ug/L)		Criteria calculated for “Water + Organisms”, not for “Organisms only.”						

				Criterion at 10-6 and FCR = 17.5		Criterion at 10-6 and FCR = 175		Criterion at 10-5 and FCR = 17.5
		Criterion at 10-5 and FCR = 175


		PCBs								

		Method 608 QL		0.5		0.5		0.5		0.5

		Method 1668 QL		0.00001		0.00001		0.00001		0.00001

		DDT								

		Method 608 QL		0.05		0.05		0.05		0.05

		Inorganic Arsenic								

		Method 200.8 		0.5 (Total)		0.5 (Total)		0.5 (Total)		0.5 (Total)











Do the NTR HHC for carcinogens provide levels of protection in Washington that are consistent with the EPA 2000 guidance and WA WQS? 

EPA 2000 guidance on risk levels for HHC:

“EPA believes that both 10-6 or 10-5 may be acceptable for the general population and that highly exposed populations should not exceed a 10-4 risk level.”

A criterion calculated at 10-6 risk level and 6.5 g/day fish consumption rate means that people who fit the exposure assumptions in the criterion equation and eat 65 g/day are protected at a 10-5 level, and at 650 g/day are protected a 10-4 level.

		Levels of Protection for Linear Carcinogens		

		Risk Level		 Fish Consumption Rate

		10-6		6.5 g/day

		10-5		65 g/day

		10-4		650 g/day



Does this mean that the NTR HHC meet the levels of protection, specified in EPA guidance, for both the general population and more highly exposed populations in Washington?  

Yes, we can say that for the following: 

for the carcinogenic chemicals .

For people who eat 650 g/day or less (and meet the other exposure assumptions)  







What about non-carcinogens?  

There are 51 different non-carcinogens on EPA’s current recommended HHC list.



The situation for non-carcinogens might not be the same as the situation for carcinogens. 



The threshold effects exhibited by non-carcinogens will be discussed at PF #5, and at that time we will look at how different fish consumption metrics could correspond to  different levels of protection for non-carcinogens.
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Threshold Response  

Non-carcinogens

Non-threshold, linear low 

dose response - Carcinogens





Science, science policy, and 
risk management

Risk Management example from EPA (2000):  



“Risk management is the process of selecting the most appropriate guidance or regulatory actions by integrating the results of risk assessment with engineering data and with social, economic, and political concerns to reach a decision.  In this (EPA 2000) methodology, the choice of a default fish consumption rate which is protective of 90 percent of the general population is a risk management decision.  The choice of an acceptable cancer risk by a State or Tribe is a risk management decision.”





Transparency in science, science policy, 
and risk management

“…conclusions drawn from the science are identified separately from policy judgements and risk management decisions, and that the use of default values or methods, as well as the use of assumptions in risk assessments, are clearly articulated.”  (from: USEPA. 2000. Methodology for Deriving Ambient Water Quality Criteria for the Protection of Human Health (2000), EPA-822-B-00-004, page 2-3)
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